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Guest Editorial, part of a Special Feature on Education and Differential Vulnerability to Natural Disasters
Is Education a Key to Reducing Vulnerability to Natural Disasters and
hence Unavoidable Climate Change?
Raya Muttarak 1 and Wolfgang Lutz 1
ABSTRACT. The collection of articles in this Special Feature is part of a larger project on “Forecasting Societies’ Adaptive Capacity
to Climate Change” (an Advanced Grant of the European Research Council to Wolfgang Lutz). In investigating how global change
will affect population vulnerability to climate variability and extremes, the project aims to help develop strategies that enable societies
to better cope with the consequences of climate change. In doing so, the basic hypothesis being tested is that societies can develop the
most effective long-term defense against the dangers of climate change by strengthening human capacity, primarily through education.
Education can directly influence risk perception, skills and knowledge and indirectly reduce poverty, improve health and promote
access to information and resources. Hence, when facing natural hazards or climate risks, educated individuals, households and societies
are assumed to be more empowered and more adaptive in their response to, preparation for, and recovery from disasters. Indeed the
findings from eleven original empirical studies set in diverse geographic, socioeconomic, cultural and hazard contexts provide consistent
and robust evidence on the positive impact of formal education on vulnerability reduction. Highly educated individuals and societies
are reported to have better preparedness and response to the disasters, suffered lower negative impacts, and are able to recover faster.
This suggests that public investment in empowering people and enhancing human capacity through education can have a positive
externality in reducing vulnerability and strengthening adaptive capacity amidst the challenges of a changing climate.
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INTRODUCTION
While there is substantial ongoing research assessing the impact
of future climate change on the Earth’s physical systems, there
are few systematic and comprehensive assessments on the likely
impacts that change will have on future human well-being, given
that not all people are equally vulnerable. It is admittedly very
difficult if  not impossible to try to assess how dangerous climate
change will be in general for the future of humanity. But we still
have to make policy choices today about what are priority
investments that help to reduce the vulnerabilities of people in
different parts of the world to already unavoidable climate
change.  
Given our ignorance about the extent of the overall threat, it
makes sense to try to refer to things we think we know with high
certainty. One is the fact that the social sciences have shown very
clearly that to almost any kind of risk people are not equally
vulnerable. Vulnerabilities vary by age, gender, education, level of
income, location and many other factors. Hence it is plausible to
assume that the future will also see differential vulnerability to
the hazards associated with climate change. But from a policy
perspective we also would like to know which of these differentials
matter most? The set of papers in this collection will address this
question with respect to empirical analysis of vulnerability to past
natural disasters, since this is the only empirical evidence –
assumed to be isomorphic to what we expect under climate
change – that we have on the table. More specifically, the papers
will contribute to testing the hypothesis that education is a key
factor in reducing vulnerability as compared to other potentially
relevant factors. 
This collection of papers is one of the results of a larger project
on “Forecasting Societies’ Adaptive Capacity to Climate Change”
(an Advanced Grant of the European Research Council to
Wolfgang Lutz). This project is an ambitious effort to better
understand what changes societies are likely to undergo over the
next several decades, and determine how those changes will affect
their vulnerability to a climate that is more extreme than it is today.
The aim is to help develop strategies that enable societies to better
cope with the consequences of climate change. The threats come
most directly from increasingly intense extreme natural events,
such as hurricanes, floods, forest fires and heat waves. Danger
also comes from more gradual events, such as sea-level rise and
changing regional temperature and humidity patterns that make
agricultural production more difficult. Changing climate patterns
also can increase the spread of disease. 
The extent to which these events will increase human misery and
death depends, in part, on the future vulnerability of the people
affected. The starting assumption of the project was that a robust
and resilient society will be better able to weather the storms of
climate change than a society with few resources and limited
coping skills. In this project those skills and capabilities are being
measured and projected through the educational attainment
distributions of populations by age and gender. 
The basic hypothesis being tested is that societies can develop the
most effective long-term defense against the dangers of climate
change by strengthening human capacity, primarily through
education – which helps to improve health, eradicate extreme
poverty and reduce population growth. The empirical studies
published in this special issue try to assess its validity under very
diverse geographic, socioeconomic and cultural settings. What all
the studies have in common is that they explicitly address the
effects of education on disaster vulnerability and compare them
to other possible relevant effects. Since the consideration of
education as a possible protecting factor has so far been largely
absent from the scientific literature on disaster vulnerability, this
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set of papers charts new territory. As we will see later all eleven
studies confirm the important role of education for reducing
different kinds of disaster vulnerabilities in very different settings
and at the macro- and micro-level. 
Several recent catastrophic event such as the typhoon Haiyan that
hit the Philippines in 2013, the 2004 Indian Ocean tsunami, the
2005 hurricane Katrina, or the 2010 Haiti earthquake, are
examples that already today more could have been done to
minimize the impact of natural hazards before they occur. In fact,
not all natural hazards events become a disaster and massive losses
and damages are, to a certain extent, preventable. The levels of
adverse impacts are determined by exposure and the vulnerability
of societies and socio-ecological systems (Cardona et al. 2012).
Exposure could lead to a disaster risk when the population and
economic resources are exposed to potentially dangerous settings.
Meanwhile, vulnerability refers to the susceptibility, sensitivity
and capacities of the exposed elements to cope with and adapt to
the hazard events (Schröter et al. 2005, IPCC 2007). Exposure
and vulnerability are dynamic and heterogeneous depending
upon various factors including demographic, economic, social,
geographic, cultural, institutional, governance and environmental
elements. Understanding how vulnerability is generated is crucial
in disaster risk management and reduction (O’Brien et al. 2004).
While there has been considerable research attention on technical
aspects, biophysical vulnerability and the vulnerability of the built
environment, the social aspects of vulnerability remain relatively
understudied (Cutter et al. 2003). 
It is recognized that successful mitigation plans need to consider
differential impact of hazards as a product of social vulnerability
(Morrow 2008). Individuals and communities are differentially
exposed, and vulnerability based on various factors such as age,
gender, education, wealth, class, race/ethnicity/religion, disability
and health status, which influence both the impacts and how the
actors prepare for, respond to and recover from hazards and
disasters. Extant social science and disasters literature reported
that those with low socio-economic status, elderly, children,
women, and ethnic minorities/immigrants are the most vulnerable
groups (Clark et al. 1998). The elderly, children, and women
typically have less physical strength and ability to escape from
danger comparing to men at prime ages (Yeh 2010). The poor and
people belonging to minority groups for their part are more likely
to live in poor housing conditions and disaster-prone areas.
Mortality and morbidity from natural disasters are much higher
among these subpopulations (Neumayer and Plümper 2007,
Frankenberg et al. 2011, Doocy et al. 2013). Furthermore, low-
income groups generally face more obstacles during the phases
of response, recovery, and reconstruction (Masozera et al. 2007).
Consequently, studies on social vulnerability commonly highlight
poverty/income as the main characteristic explaining differentials
in all aspects of disasters (Fothergill and Peek 2004). 
The emphasis on monetary aspect can also be seen in the
measurement of loss and damage from disasters (Wrathall et al.
2013). Money values are more convenient to determine using
market valuations. However, relying only on economic loss could
mislead the estimation of the impacts of the disaster. While richer
households and countries generally suffer greater monetary
losses, they are likely to recover more quickly than their poorer
counterparts (Noy 2009, Cavallo and Noy 2010). Furthermore,
fatalities in low-income countries are generally much higher than
those of higher income nations (Kahn 2005). The longer-term
welfare costs of a disaster thus are greater for poorer individuals
or nations. The relationship between income and disaster impacts
is explained through an increase in the demand for safety as
income rises (Toya and Skidmore 2007). Furthermore, with higher
income, individuals have more resources to employ costly disaster
precautionary measures. Accordingly, development agencies and
climate change communities have put effort in mainstreaming
poverty reduction in climate change adaptation programs
(Eriksen et al. 2007, UNDP 2007).
VULNERABILITY, ADAPTIVE CAPACITY AND
EDUCATION
While poverty is well-considered as a major cause of vulnerability
and poverty reduction has recently been recognized as one key
tool to enhance adaptive capacity, education both in its own right
and as a means for poverty alleviation, has not yet been put on
the forefront for climate change adaptation efforts. There are
many sound reasons to assume that education can contribute to
vulnerability reduction and enhance adaptive capacity. The
relationships between education and vulnerability reduction can
be both direct and indirect as presented in Figure 1.
Fig. 1. Flowchart displaying the processes through which
education contributes to vulnerability reduction
Education can play an important role in reducing the negative
impacts of extreme climate events in direct and indirect ways.
Directly formal education is considered as a primary way
individuals acquire knowledge, skills, and competencies that can
influence their adaptive capacity. There is a large body of literature
on the effects of education on health which is summarized in Lutz
and Skirbekk (2013) who conclude that there is enough evidence
to assume direct functional causality. First, there is evidence that
the learning experiences associated with formal education have a
lasting impact on the synoptic brain structure (Kandel 2007) and
enhances cognitive skills (Neisser et al. 1996, Nisbett 2009,
Reynolds et al. 2010). Literacy and numerical skills as well as
general skills e.g., abstract thinking obtained through formal
education imply better understanding and ability to process such
risk information as weather forecast or warning messages (Mileti
and Sorensen 1990, Spandorfer et al. 1995). Second, education is
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associated with problem-solving skills (Moll 1994, Ishikawa and
Ryan 2002, Schnell-Anzola et al. 2005). Thus, in such an
emergency situation like when a disaster strikes, educated
individuals might be more capable to respond and act upon the
event. Third, education enhances the acquisition of knowledge,
values and priorities as well as the capacity to plan for the future
and improve allocation of resources (Thomas et al. 1991, Glewwe
1999). It is, for example, well documented that educated
individuals have better basic practical knowledge on nutrition and
health practices (Nayga 2000, Burchi 2010). Similarly, education
may also enhance knowledge on disaster risks and how to respond
to such risks. Fourth, education can influence risk perception. If
people perceive their risks to natural disasters to be real, they are
more likely to react to cope with these risks. It is found that highly
educated individuals are better aware of the earthquake risk
(Ainuddin et al. 2013) and are more likely to undertake disaster
preparedness (Paul and Bhuiyan 2010). High risk awareness
associated with education thus could contribute to vulnerability
reduction behaviors. 
Apart from the above mentioned direct impacts, education may
indirectly reduce vulnerability through many other means. Firstly,
education improves socio-economic status as evident that
education generally increases earnings (Psacharopoulos 1994,
Psacharopoulos and Patrinos 2002). This allows individuals to
have command over resources such as purchasing costly disaster
insurance, living in low risk areas and quality housing,
implementing disaster preparedness measures and evacuating in
time of emergencies. Secondly, highly educated individuals
usually have diversified communication linkages and have better
access to useful information (Cotten and Gupta 2004, Wen et al.
2011, Neuenschwander et al. 2012). The level of education is
highly correlated with access to weather forecasts and warnings
as well as the types of technologies used to access weather
information (Rodriguez et al. 2007). Access to forecast and early
warnings allow individuals to respond and prepare for the hazards
appropriately. Thirdly, education is associated with greater social
capital and social support and wider social networks (Department
for Business Innovation & Skills 2013). Social networks are
particularly useful in time of emergency. For instance, individuals
who are embedded in large and well-established social networks
and friendship groups have higher chance to receive informal
warnings and consequently more likely to confirm warnings and
engage in response (Mileti and Sorensen 1990). Furthermore,
social capital and social networks increase the propensity to
evacuate and facilitate relocation and recovery (Airriess et al.
2008). Through increasing socio-economic resources, facilitating
access to information and enhancing social capital, education can
promote vulnerability reduction and adaptive capacity. 
At the societal level, it is found that better educated society enjoys
greater economic growth (Lutz et al. 2008, Crespo Cuaresma et
al. 2013), higher life expectancy and higher degree of democracy
(Lutz et al. 2010). This implies that better educated societies have
greater social, economic, and institutional capabilities necessary
for successful adaptation to climatic change (KC and Lutz 2014).
Consequently, it is reasonable to assume that when facing natural
hazards or climate risks, educated individuals, households and
societies are more empowered and hence more adaptive in their
response to, preparation for, and recovery from disasters.
SPECIAL ISSUE ON EDUCATION AND DIFFERENTIAL
VULNERABILITY TO NATURAL DISASTERS
Based on the assumption that education can reduce vulnerability
and enhance adaptive capacity to natural disasters, this Special
Issue collects empirical evidence from different societies based on
analyses of various data sources from individual- and household-
level data, village-level studies and national case studies to global-
level time series analysis. Although different types of natural
disasters and disaster outcomes are explored, all eleven research
articles specifically focus on investigating the role of education
on vulnerability reduction. The common research question being
asked in these articles is whether education can reduce negative
impacts of covariate shocks resulting from natural disasters or
epidemics and whether education can enhance adaptive capacity
to these emergency events. 
Since disaster events differ in terms of predictability,
controllability, length of forewarning, magnitude and duration of
impact, different types of events may affect vulnerability and
response diversely. Preparing for earthquakes, a sudden-onset
hazard, for instance, is not the same as preparedness actions for
drought, a slow-onset event. There has not been much
comparative work that considers how special characteristics of
different natural disasters can influence physical and social
impacts (National Research Council 2006). Likewise, the impact
of natural disaster events is not distributed evenly among
countries. The extent of losses relies considerably on the level of
development, policies, institutional arrangements and economic
conditions (Cavallo and Noy 2010). In this Special Issue, diverse
types of natural disasters are being studied including both slow
and rapid onset; and geophysical, meteorological, hydrological,
climatological and biological disasters. The countries covered in
the Special Issue include low- and middle-income countries
stretching from Asia (e.g., India, Nepal, Indonesia and Thailand),
Africa (e.g., Sub-Saharan African countries, Mali, Senegal and
Uganda) to Central and South America (e.g., Brazil, Cuba,
Dominican Republic, El Salvador and Haiti). Different types of
disaster events and the diversity of countries being investigated
allow us to test the robustness of the role of education on
vulnerability reduction.  
A variety of disaster-related outcomes are investigated in this
Special Issue ranging from pre-disaster phase, during disaster
events, to the disaster aftermath. Prior to a disaster event,
mitigation efforts could help reduce vulnerability to disaster
impacts such as injuries and loss of life and property. Avoiding
building in high-hazard areas is one effective mitigation action.
The case study of households in Brazil and El Salvador reports
that residents of high risk areas have on the average lower levels
of education than households living in low risk areas (Wamsler
et al. 2012). This might be because individuals who are literate
and have higher level of education have better ability to perceive
and understand existing risks and are able to act on perceived
threats. Correspondingly, the study of tsunami-risk areas in
southern Thailand shows that individuals and households with
higher education had greater disaster preparedness e.g.,
stockpiling emergency supplies and having family evacuation plan
(Muttarak and Pothisiri 2013). Consistent findings are reported
at the country-level. Comparing to neighboring countries like
Haiti and Dominican Republic, Cuba, with higher average level
of education among its population, has better effecting risk-
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management and risk-communication system as well as disaster
preparedness (Pichler and Striessnig 2013).  
During the disaster event, understanding and carrying out
appropriate response to warning messages are crucial in
minimizing losses. Sharma and colleagues (2013) find that the
clarity of cyclone warnings increases the likelihood of evacuation
in coastal zones in India and the effect is the largest among the
most educated group. However, there is no evidence that highly
educated individuals were more likely to evacuate voluntarily to
a cyclone shelter or a relief  shelter. This is explained by the fact
that highly educated respondents, given their higher incomes,
generally live in better quality housing. Feeling safe in their home,
they were less likely to evacuate. 
The post-disaster phase mainly concerns disaster impacts and
recovery. Disaster impacts comprise both physical and social
impacts (Lindell 2013). Physical impacts include casualties
(mortality, injury and morbidity) and damage to agriculture,
infrastructure and the natural environment. Social impacts
consist of psychological, demographic, economic and political
aspects. In this Special Issue, both disaster impacts and recovery
are thoroughly investigated. 
With respect to physical impacts, the cross-national time series
analysis of deaths from natural disasters in 125 countries as well
as the study of human lives lost from floods and landslides in 75
communities in Nepal consistently show that countries with
higher proportion of women with at least secondary education
and communities with higher mean year of schooling respectively
suffered lower mortality from disasters (KC 2013, Striessnig et al.
2013). The above mentioned comparative study of Haiti,
Dominican Republic and Cuba also reports lower disaster-related
mortality in Cuba, the country with the most educated
population. At the individual-level, the longitudinal study of
households located in Aceh and North Sumatra, Indonesia report
that men who completed senior secondary school were
significantly more likely to survive the 2004 Indian Ocean tsunami
as compared to those with primary education (Frankenberg et al.
2013). It is explained that education maybe a proxy for height and
strength, another dimension of human capital, which can be
relevant in such emergency situation like running away from
tsunami waves. Frankenberg and colleagues (2013) also find that
women with higher education were less likely to be caught up in
the water, injured or witnessed others struggling in the water.
Similarly, an analysis of malaria risk in children in 8 sub-Saharan
African countries by Siri (2014) reports that maternal schooling
was significantly inversely associated with the odds of malaria
infection. The relationship between maternal education and lower
malaria parasitemia in children is found to be independent of
household wealth. This finding has an important policy
implication especially since there is evidence that climate
variability is associated with an increase of malaria epidemics
(Zhou et al. 2004). Apart from reducing mortality, injury and
morbidity, it appears that education is also associated with lower
damage and losses. It is found that the number of animal losses
and the number of families affected by floods and landslides in
Nepal were significantly lower in the villages with higher mean
years of schooling (KC 2013). These findings provide strong
evidence that formal schooling can reduce vulnerability in terms
of life losses, injury, morbidity and damage. 
Turning to social impacts, the above mentioned study of the 2004
Indian Ocean tsunami finds that post-traumatic stress reactivity
(PTSR) measured 5 years after the tsunami was substantially
lower among the better educated. This indicates better resilient
in terms of psychosocial well-being for those with higher
schooling. It is also found that the better educated were more
successful in smoothing consumption, i.e., keeping their level of
consumption, after the tsunami. Likewise, the study of the
impacts of floods and droughts on community welfare in
Thailand shows that better educated communities did not
experience income loss while communities with lower education
suffered a reduction in income after being hit by droughts
(Garbero and Muttarak 2013). The lower psychological and
economic impacts among better educated individuals and
communities imply that they might cope better with disasters and
spend less time to recover. 
One reason why formal education can enhance coping strategies
in the aftermath of a natural disaster is that highly educated
individuals or households may have greater flexibility and skills
to take up a new job or have better socioeconomic resources to
buffer the income loss from climatic shocks. Indeed the study of
villagers in rural areas in Mali and Senegal show that the
respondents with a higher level of education are less vulnerable
to natural hazards because they have more diversified economic
activities beyond agriculture and hence are less dependent on
climatic or environmental factors (van der Land and Hummel
2013). Likewise, having a wider portfolio of coping strategies, it
is found that highly educated individuals and households in
Uganda, Brazil and El Salvador were likely to choose mechanisms
that are more sustainable and unlikely to lead to chronic poverty
and undermine future prospects (Wamsler et al. 2012, Helgeson
et al. 2013). For instance, households where the household head
has higher educational attainment were significantly less likely to
choose taking their children out of school as a coping strategy.
This signifies that more educated households are less likely to opt
for a strategy that can harm human capital investment. 
In terms of recovery, it seems that better educated individuals or
households are faster in getting back to a normal life partially
because people with higher education have better social and
economic resources. Accordingly, the study of the 2004 Indian
Ocean tsunami aftermath previously mentioned shows that
among those who got displaced after the tsunami, the better
educated were less likely to stay in temporary housing, which is
typically a camp. Instead, they were more likely to move to private
homes, either renting or staying with family or friends. The above
mentioned study on the impacts of floods and droughts in
Thailand also reports that communities with higher education
were more able to secure government financial assistance for
drought affected areas. This might be because highly educated
communities have wider social networks and better access to
resources. 
The eleven empirical studies discussed above provide consistent
findings on the positive impact of formal education on
vulnerability reduction. The results are robust across units of
analysis – be it at individual, household, community or country
level – and across countries being studied. Many studies in this
Special Issue also show that the effect of education remains
significant after accounting for wealth/income. Moreover, in
Ecology and Society 19(1): 42
http://www.ecologyandsociety.org/vol19/iss1/art42/
many cases, income/wealth does not have a clear tendency nor
clear correlation with vulnerability reduction (KC 2013,
Muttarak and Pothisiri 2013, Sharma et al. 2013, Striessnig et al.
2013, Wamsler et al. 2012). The protective effects of education –
from the pre-disaster phase, during the disaster event, to the
disaster aftermath – indicates that investment in public education
can have a positive externality in reducing vulnerability and
enhancing adaptive capacity.
POLICY IMPLICATION
Over the next several years, billions of Euros will likely be spent
on adaptation programs, primarily through the Kyoto Protocol
adaption fund and national governments. Actually, the amount
of 100 billion dollars has been formally pledged to be expended
annually from 2020 onwards. But there is serious concern among
many experts about the lack of a solid scientific basis to guide
policymakers on how best to allocate the money.  
The hypothesis that education is key to reducing vulnerability and
strengthening adaptive capacity does indeed have massive
implications for setting priorities. Should the significant funds
allocated for adaptation to climate change be invested in
improving existing infrastructure and agricultural practices, or
should some money go instead to enhancing human
empowerment through education and health? Which approach is
more likely to enable people to cope with the long-term challenges
posed by a climate that is becoming more violent? 
Failure to wisely address these and related questions could result
in ill-informed investment policies that lock countries into
inflexible coping strategies that will not be effective under possible
future climates. Given the significant uncertainties in place-
specific climate forecasts, investments in an overall empowerment
of human resources that leads to greater flexibly in reacting to
the arising challenges may well be a wiser strategy. 
In terms of strategies for empowerment the studies presented in
this collection also show that female education is of a particular
importance. Not only that there remain significant gender gaps
in school enrolment and youth literacy rates, but there is also
evidence that investment in female education contributes greatly
to economic growth and human welfare. With respect to disaster
risk reduction, the findings from this Special Issue also point to
the prominent role of female education in reducing vulnerability:
from increasing disaster preparedness (Muttarak and Pothisiri
2013), minimizing malaria risk (Siri 2014), lowering disaster-
related mortality (Striessnig et al. 2013), to reducing disaster risk
and enhancing adaptive capacity (Wamsler et al. 2012). Investing
in girls’ education coupling with strict enforcement on female
school enrolment and completion thus should be made priority
as self-evident that women educational achievements can have
far-reaching effects within the family, across generations and
communities. 
The studies presented in this volume tried to address for the first
time in a more systematic manner the important strategic question
whether education should be considered a key factor in reducing
disaster vulnerability and enhancing adaptive capacity to climate
change. Based on the empirical evidence from many different parts
of the world using very different approaches and levels of
aggregation the answer turns out to be clearly on the affirmative.
In particular, it is interesting to note that almost consistently
education turns out to be more important than income in reducing
disaster vulnerability. This implies that policies should focus less
on direct monetary transfers and income generation and more on
general empowerment through education and human capital
formation as the most efficient strategy toward enhancing
resilience. We are realistic enough to understand that the evidence
presented in this set of studies will not yet turn around the
priorities in the well-entrenched vulnerability and adaptation
community. But we hope that we have at least put the issue visibly
on a table and hence hopefully inspire many more studies on this
topic which is so important for our common future.




We would like to thank William Butz, Jan Sendzimir, Stefanie
Andruchowitz and all the contributing authors for the investment
they have made in putting together this Special Feature. Funding
for this work was made possible by the European Research Council
(ERC) Advanced Investigator Grant focusing on “Forecasting
Societies’ Adaptive Capacities to Climate Change” (ERC-2008-
AdG 230195-FutureSoc).
LITERATURE CITED
Ainuddin, S., J. Kumar Routray, and S. Ainuddin. 2013. People’s
risk perception in earthquake prone Quetta city of Baluchistan.
International Journal of Disaster Risk Reduction, in press. http://
dx.doi.org/10.1016/j.ijdrr.2013.10.006 
Airriess, C. A., W. Li, K. J. Leong, A. C.-C. Chen, and V. M. Keith.
2008. Church-based social capital, networks and geographical
scale: Katrina evacuation, relocation, and recovery in a New
Orleans Vietnamese American community. Geoforum 39
(3):1333–1346. http://dx.doi.org/10.1016/j.geoforum.2007.11.003 
Burchi, F. 2010. Child nutrition in Mozambique in 2003: the role
of mother’s schooling and nutrition knowledge. Economics and
Human Biology 8(3):331–345. http://dx.doi.org/10.1016/j.
ehb.2010.05.010 
Cardona, O. D., M. K. van Aals, J. Birkmann, M. Fordham, G.
McGregor, R. Perez, R. S. Pulwarty, E. L. F. Schipper, and B. T.
Sinh. 2012. Determinants of risk: exposure and vulnerability. In 
C. B. Field, V. Barros, T. F. Stocke, Q. Dahe, D. J. Dokken, K. L.
Ebi, M. D. Mastrandrea, K. J. Mach, G.-K. Plattner, S. K. Allen,
M. Tignor, and P. M. Midgley, editors. Managing the risks of
extreme events and disasters to advance climate change adaptation.
Cambridge, UK, and New York, NY, USA: Cambridge
University Press. http://dx.doi.org/10.1017/CBO9781139177245.005 
Cavallo, E., and I. Noy. 2010. The economics of natural disasters:
a survey. IDB Working Paper Series:124. [online] URL: http://
www.iadb.org/en/research-and-data/publication-details,3169.html?
pub_id=idb-wp-124 
Clark, G., S. Moser, S. Ratick, K. Dow, W. Meyer, S. Emani, W.
Jin, J. X. Kasperson, R. E. Kasperson, and H. Schwarz. 1998.
Ecology and Society 19(1): 42
http://www.ecologyandsociety.org/vol19/iss1/art42/
Assessing the vulnerability of coastal communities to extreme
storms: the case of Revere, MA., USA. Mitigation and Adaptation
Strategies for Global Change 3(1):59–82. http://dx.doi.
org/10.1023/a:1009609710795 
Cotten, S. R., and S. S. Gupta. 2004. Characteristics of online
and offline health information seekers and factors that
discriminate between them. Social Science & Medicine 59
(9):1795–1806. http://dx.doi.org/10.1016/j.socscimed.2004.02.020 
Crespo Cuaresma, J., S. KC, and P. Sauer. 2013. Age-specific
education inequality, education mobility and income growth 
(WWWforEurope Working Papers series No. 6). WWWforEurope.
[online] URL: http://ideas.repec.org/p/feu/wfewop/y2013m6d0i6.
html 
Cutter, S. L., B. J. Boruff, and W. L. Shirley. 2003. Social
vulnerability to environmental hazards. Social Science Quarterly
 84(2):242–261. http://dx.doi.org/10.1111/1540-6237.8402002 
Department for Business Innovation & Skills (BIS). 2013. The
benefits of higher education participation for individuals and
society: key findings and reports “The Quadrants” BIS Research
Paper No. 146. London, UK. 
Doocy, S., A. Daniels, C. Packer, A. Dick, and T. D. Kirsch. 2013.
The human impact of earthquakes: a historical review of events
1980-2009 and systematic literature review. PLoS Currents 5.
http://dx.doi.org/10.1371/currents.dis.67bd14fe457f1db0b5433a­
8ee20fb833 
Eriksen, S. E. H., R. J. T. Klein, K. Ulsrud, L. O. Naess, and K.
O’Brien. 2007. Climate change adaptation and poverty reduction:
key interactions and critical measures. Global Environmental
Change and Human Security. Report 2007:1. University of Oslo,
Norway. [online] URL: http://www.norad.no/en/tools-and-
publications/publications/publication?key=109739 
Fothergill, A., and L. Peek. 2004. Poverty and disasters in the
United States: A review of recent sociological findings. Natural
Hazards 32(1):89–110. http://dx.doi.org/10.1023/B:
NHAZ.0000026792.76181.d9 
Frankenberg, E., T. Gillespie, S. Preston, B. Sikoki, and D.
Thomas. 2011. Mortality, the family and the Indian Ocean
tsunami. The Economic Journal 121(554):F162–F182. http://dx.
doi.org/10.1111/j.1468-0297.2011.02446.x 
Frankenberg, E., B. Sikoki, C. Sumantri, W. Suriastini, and D.
Thomas. 2013. Education, vulnerability, and resilience after a
natural disaster. Ecology and Society 18(2): 16. http://dx.doi.
org/10.5751/es-05377-180216 
Garbero, A., and R. Muttarak. 2013. Impacts of the 2010
droughts and floods on community welfare in rural Thailand:
differential effects of village educational attainment. Ecology and
Society 18(4): 27. http://dx.doi.org/10.5751/ES-05871-180427 
Glewwe, P. 1999. Why does mother’s schooling raise child health
in developing countries? Evidence from Morocco. Journal of
Human Resources 34(1):124–159. http://dx.doi.org/10.2307/146305 
Helgeson, J. F., S. Dietz, and S. Hochrainer-Stigler. 2013.
Vulnerability to weather disasters: The choice of coping strategies
in rural Uganda. Ecology and Society 18(2): 2. http://dx.doi.
org/10.5751/ES-05390-180202 
Intergovernmental Panel on Climate Change (IPCC). 2007.
Climate Change 2007: the physical science basis: Contribution of
Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge:
Cambridge University Press. 
Ishikawa, M., and D. Ryan. 2002. Schooling, basic skills and
economic outcomes. Economics of Education Review 21(3):231–
243. http://dx.doi.org/10.1016/S0272-7757(01)00005-X 
KC, S. 2013. Community vulnerability to floods and landslides
in Nepal. Ecology and Society 18(1): 8. http://dx.doi.org/10.5751/
ES-05095-180108 
Kahn, M. E. 2005. The death toll from natural disasters: the role
of income, geography, and institutions. Review of Economics and
Statistics 87(2):271–284. http://dx.doi.org/10.1162/0034653053970339 
Kandel, E. R. 2007. In search of memory: the emergence of a new
science of mind. New York: W.W. Norton & Co., USA. 
KC, S., and W. Lutz. 2014. Demographic scenarios by age, sex
and education corresponding to the SSP narratives. Population
and Environment 35(3):243–260. http://dx.doi.org/10.1007/
s11111-014-0205-4 
Lindell, D. P. M. K. 2013. Recovery and reconstruction after
disaster. Pages 812–824 in P. T. Bobrowsky, editor. Encyclopedia
of natural hazards. Springer Netherlands. http://dx.doi.
org/10.1007/978-1-4020-4399-4_285 
Lutz, W., J. Crespo Cuaresma, and M. J. Abbasi-Shavazi. 2010.
Demography, education, and democracy: global trends and the
case of Iran. Population and Development Review 36(2):253–281.
http://dx.doi.org/10.1111/j.1728-4457.2010.00329.x 
Lutz, W., J. Crespo Cuaresma, and W. C. Sanderson. 2008. The
demography of educational attainment and economic growth.
Science 319(5866):1047–1048. http://dx.doi.org/10.1126/science.1151753 
Lutz, W., and V. Skirbekk. 2013. How education drives demography
and knowledge informs projections. International Institute for
Applied Systems Analysis. Interim Report No. IR-13-016.
Laxenburg, Austria. [online] URL: http://webarchive.iiasa.ac.at/
Admin/PUB/Documents/IR-13-016.pdf 
Masozera, M., M. Bailey, and C. Kerchner. 2007. Distribution of
impacts of natural disasters across income groups: A case study
of New Orleans. Ecological Economics 63(2-3):299–306. http://
dx.doi.org/10.1016/j.ecolecon.2006.06.013 
Mileti, D. S., and J. H. Sorensen. 1990. Communication of
emergency public warnings: a social science perspective and state-
of-the-art assessment. Federal Emergency Management Agency
(No. Report ORNL-6609). Oak Ridge, TN.  
Moll, I. 1994. School was far away: the formal perceptions,
classifications and syllogistic reasoning of Kokwane Ndlovu.
Perspectives in Education 15(2):189–217. 
Morrow, B. H. 2008. Community resilience: a social justice
perspective (No. 4). Community and Regional Resilience
Initiative. [online] URL: http://www.resilientus.org/wp-content/
uploads/2013/03/FINAL_MORROW_9-25-08_1223482348.pdf  
Muttarak, R., and W. Pothisiri. 2013. The role of education on
disaster preparedness: case study of 2012 Indian Ocean
Ecology and Society 19(1): 42
http://www.ecologyandsociety.org/vol19/iss1/art42/
earthquakes on Thailand’s Andaman Coast. Ecology and Society
 18(4): 51. http://dx.doi.org/10.5751/ES-06101-180451 
National Research Council. 2006. Facing hazards and disasters:
understanding human dimensions (Report in brief). National
Academy of Sciences. Washington, D.C.  
Nayga, R. M. 2000. Schooling, health knowledge and obesity.
Applied Economics 32(7):815–822. http://dx.doi.org/10.1080/00­
0368400322156 
Neisser, U., G. Boodoo, T. J. Bouchard, A. W. Boykin, N. Brody,
S. J. Ceci, D. E. Halpern, J. C. Loehlin, R. Perloff, R. J. Sternberg,
and S. Urbina. 1996. Intelligence: knowns and unknowns.
American Psychologist 51(2):77–101. http://dx.doi.
org/10.1037/0003-066X.51.2.77 
Neuenschwander, L. M., A. Abbott, and A. R. Mobley. 2012.
Assessment of low-income adults’ access to technology:
implications for nutrition education. Journal of Nutrition
Education and Behavior 44(1):60–65. http://dx.doi.org/10.1016/j.
jneb.2011.01.004 
Neumayer, E., and T. Plümper. 2007. The gendered nature of
natural disasters: the impact of catastrophic events on the gender
gap in life expectancy, 1981–2002. Annals of the Association of
American Geographers 97(3):551-566. http://dx.doi.org/10.1111/
j.1467-8306.2007.00563.x 
Nisbett, R. E. 2009. Intelligence and how to get it: why schools and
cultures count First edition. W. W. Norton, New York, USA. 
Noy, I. 2009. The macroeconomic consequences of disasters.
Journal of Development Economics 88(2):221–231. http://dx.doi.
org/10.1016/j.jdeveco.2008.02.005 
O’Brien, K., R. Leichenko, U. Kelkar, H. Venema, G. Aandahl,
H. Tompkins, A. Javed, S. Bhadwal, S. Barg, L. Nygaarda, and J.
West. 2004. Mapping vulnerability to multiple stressors: climate
change and globalization in India. Global Environmental Change
Part A 14(4):303–313. http://dx.doi.org/10.1016/j.gloenvcha.2004.01.001 
Paul, B. K., and R. H. Bhuiyan. 2010. Urban earthquake hazard:
perceived seismic risk and preparedness in Dhaka City,
Bangladesh. Disasters 34(2):337–359. http://dx.doi.org/10.1111/
j.1467-7717.2009.01132.x 
Pichler, A., and E. Striessnig. 2013. Differential vulnerability to
hurricanes in Cuba, Haiti, and the Dominican Republic: the
contribution of education. Ecology and Society 18(3): 31. http://
dx.doi.org/10.5751/ES-05774-180331 
Psacharopoulos, G. 1994. Returns to investment in education: A
global update. World Development 22(9):1325–1343. http://dx.
doi.org/10.1016/0305-750X(94)90007-8 
Psacharopoulos, G., and H. A. Patrinos. 2002. Returns to
investment in education: a further update The World Bank, Policy
Research Working Paper No. WPS2881. Washington, D.C.,
USA. 
Reynolds, A. J., J. A. Temple, and S.-R. Ou. 2010. Preschool
education, educational attainment, and crime prevention:
contributions of cognitive and non-cognitive skills. Children and
Youth Services Review 32(8):1054–1063. http://dx.doi.org/10.1016/
j.childyouth.2009.10.019 
Rodriguez, H., W. Diaz, J. M. Santos, and B. E. Aguirre. 2007.
Communicating risk and uncertainty: science, technology, and
disasters at the crossroads. Pages 476–488 in H. Rodriguez, E. L.
Quarantelli, and R. Dynes, editors. Handbook of Disaster
Research. Springer New York, USA. http://dx.doi.
org/10.1007/978-0-387-32353-4_29 
Schnell-Anzola, B., M. L. Rowe, and R. A. LeVine. 2005. Literacy
as a pathway between schooling and health-related
communication skills: a study of Venezuelan mothers.
International Journal of Educational Development 25(1):19–37.
http://dx.doi.org/10.1016/j.ijedudev.2004.05.002 
Schröter, D., C. Polsky, and A. G. Patt. 2005. Assessing
vulnerabilities to the effects of global change: an eight step
approach. Mitigation and Adaptation Strategies for Global Change
 10(4):573–595. http://dx.doi.org/10.1007/s11027-005-6135-9 
Sharma, U., A. Patwardhan, and A. G. Patt. 2013. Education as
a determinant of response to cyclone warnings: evidence from
coastal zones in India. Ecology and Society 18(2): 18. http://dx.
doi.org/10.5751/es-05439-180218 
Siri, J. 2014. Independent associations of maternal education and
household wealth with malaria risk in children. Ecology and
Society 19(1): 33. http://dx.doi.org/dx.doi.org/10.5751/ES-06134-190133  
Spandorfer, J. M., D. J. Karras, L. A. Hughes, and C. Caputo.
1995. Comprehension of discharge instructions by patients in an
urban emergency department. Annals of Emergency Medicine 25
(1):71–74. http://dx.doi.org/10.1016/S0196-0644(95)70358-6  
Striessnig, E., W. Lutz, and A. G. Patt. 2013. Effects of
educational attainment on climate risk vulnerability. Ecology and
Society 18(1): 16. http://dx.doi.org/10.5751/ES-05252-180116 
Thomas, D., J. Strauss, and M.-H. Henriques. 1991. How does
mother’s education affect child height? Journal of Human
Resources 26(2):183–211. http://dx.doi.org/10.2307/145920 
Toya, H., and M. Skidmore. 2007. Economic development and
the impacts of natural disasters. Economics Letters 94(1):20–25.
http://dx.doi.org/10.1016/j.econlet.2006.06.020 
United Nations Development Program (UNDP). 2007. Fighting
climate change: human solidarity in a divided world United Nations
Development Program (No. 2007/2008). New York, USA.  
Van der Land, V., and D. Hummel. 2013. Vulnerability and the
role of education in environmentally induced migration in Mali
and Senegal. Ecology and Society 18(4): 14. http://dx.doi.
org/10.5751/ES-05830-180414 
Wamsler, C., E. Brink, and O. Rantala. 2012. Climate change,
adaptation, and formal education: The role of schooling for
increasing societies’ adaptive capacities in El Salvador and Brazil.
Ecology and Society, 17(2): 2. http://dx.doi.org/10.5751/
es-04645-170202 
Wen, L. M., C. Rissel, L. A. Baur, E. Lee, and J. M. Simpson.
2011. Who is NOT likely to access the Internet for health
information? Findings from first-time mothers in southwest
Sydney, Australia. International Journal of Medical Informatics 
80(6):406–411. http://dx.doi.org/10.1016/j.ijmedinf.2011.03.001 
Ecology and Society 19(1): 42
http://www.ecologyandsociety.org/vol19/iss1/art42/
Wrathall, D., A. Oliver-Smith, P. Sakdapolrak, E. Gencer, A.
Fekete, and M. Lepana Reyes. 2013. Conceptual and operational
problems for loss and damage. Presented at the PERN
Cyberseminar “UNFCCC’s New Work Program: Loss & Damage
from Climate Change,” Bonn, Germany: PERN and the United
Nations University-Institute for Environment and Human
Security. [online] URL: http://populationenvironmentresearch.
org/documents/Loss_and_Damage_2013.pdf 
Yeh, H. 2010. Gender and age factors in tsunami casualties.
Natural Hazards Review 11(1):29–34. http://dx.doi.org/10.1061/(ASCE)
1527-6988(2010)11:1(29) 
Zhou, G., N. Minakawa, A. K. Githeko, and G. Yan. 2004.
Association between climate variability and malaria epidemics in
the East African highlands. Proceedings of the National Academy
of Sciences of the United States of America 101(8):2375–2380.
http://dx.doi.org/10.1073/pnas.0308714100
